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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a robot walk 
control device and a method therefor capable of 
compensating or recovering the attitude stability which 
is lost owing to the motions to represent one's emotion 
made chiefly by his upper body such as a gesture with 
upper body and/or hand(s). 

SOLUTION: The method and device according to the 
invention generate the whole body motion patterns of a 
robot capable of achieving a stable walk by leading out 
the waist motion patterns on the basis of foot motion 
pattern, ZMP track, trunk motion pattern, and arm 
motion pattern which may be decided any as desired. 
The walking mode of the legs is decided so as to 
generate stable walking even if the robot takes various 
motion conditions such as at a standstill upright or 
walking ordinarily. If in particular, such motions as 
gesture with upper body and/or hand(s) are added to the 
standstill upright, the walking mode of the legs so as to 
generate stable walking is decided in accordance with 
the walking mode of the upper body. 
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mum 1 ] 'J>te< t feTK4»»HBtH»-C«fiES 
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fflT 4 C <h (C<fc 0 *&fTBS©£#*Hl'< * - > £f# -5. C £ 
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a», ±jea«j. KajflweKsofwssiasE-rs^s 
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s-^«r>rzMP«ai*H3e , i-**ai. (c)mrie^ia 

(b) KJ^RjeStifcZMPir-t-yvhtfiW^ 

m$m3]'j>ti:<ti>T&±#$m±m&-cmf&2 20 

ft. ZMP#B^«cAS£5tcTJRfc«fcSIIE^«i 

as*, ±je«». ESsrosi&Rcfits $ ^f&^-r £ 
t . ( b ) ffii&& ( a ) (c j; 0 ssise 3 nfcsgpattcc 
*-3i,»rzMP*iiii4isBe-r**ai. (owepjk 

KD*KW*^*ffli»r. miie^© ( B ) JcJ: *3 IS 
3E 3 ftfc Z M P - jt > h <3 £ 9 KgPSltl©a 
ffil»*#«>S*ISl£. (D) area*? h ju 

«rffl^t, mrld#© (B) (C«fc»3S«Sn/cZMP±-C 30 

t. (E) swb*ir (O &t>'#© ( d> ©sa<K8?© 
H*W«©i^<ii*j»-c*ntf JSSB*S&©»? £ -r 
t . ( F ) milage ( C ) &!>'^& ( D ) ©SififtUS© 
a36J3f5EOttSffla±t?*tiK. H3EZMP±«:*JW4 

f*ji/©* - y > t- *«ie o r . mrta^e (C) 

K:«»ATS*S£. (G) IKoBMJft©8¥K:3S'3l»"CBl? 
h©$fflH9S«. 

c 1 4^mi -r sm^js 3 4cfe*g©a ? h (ommm 

[ftt#JS5 ] 3 ^«C. 

<C) freo^JKffi^^u^ffl^rRllSMlKOjfiffiOW 
£jR&-2>^3: (C) cc*s^-c**/cififljo1?r'«^*^ 

tt>-?*->©fflH5£-»iE«rfT5#8. ?:ffitSCi^ 50 
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#tiTS 19*^ 3 K tatS© P * v h ©£*T»i£g. 
[f»*^6] ^©^S^^^U^ffl^-OggpaK)©^ 

{mz*&z^&. (o «. ssuaaft, tfc&asb, ±k 
ffitt(c«fcor^t;?.i5SZMP±©^-^> hi. MSP 
©*¥ffirt asbtc J: o r £ o Z&Je. z M P ±©* > 
h &©»&#ase*»< c tic £ ixMKMWtomiM 

<eo»%*»s#a <o w:. i$m©Mtt€H&tt©mtt 

©P#? h©^f*U^g. 

<H»**ae>s*s (o «, sspajft, {*wa». ±js 
a»{c«t-5r^0SS3SZMP±© j e-y > KC7-y 

f*Ci(cJ:or«aJaJ»©jfiffiU»**«!>*. til;t 
• <b f 5 m^»l 3 KM S«© a ^ » h ©*ff*lffl««. 
[M«Q9 ] ±»©ttff Sfc»©a»©Mf8S* 

««»©«©*« JtfcT** tfrhttz mm o # » h © 
&»©#*?«»«?*•*-*:. ±^9-©^Sccic:.Dr. 
5S3i*tfC* 4 J: 9 ftT*9©*S!*i*3e-i" 4 C <b 4# 

ti. TttKJ:«|lsC9tt«ff9»'r^'©P>K9 h©2Mf 
ffit©JB8KBtt^*->, ZMPftI> ft^att^'^- 

>. ±j$a«j''^->«c*'3x^Mgpatt>'^-> ; &* 
ttj-r c t tc ± «d &tf&t<Di£MmW)^ z-^*nz>tt 

*«iitio>l*» h©2M?MflP#&. 

n. ZMP^B«H4g(cA-S«t^icTK«: c fc4W^«i 

^ * -r ^*© p jk ^ h ©*?f ftj^ffi-c* o -c . 

(a) S*StifcttfF*JBH- «A^©fi««b. 

asb. ±tea». jBsaJosa&awaiSiHierix? 

^"i. (b) Mrex 7-9^ (a) (c<fc D 19:^3 ttfcJESB 
aS6K:S-^t»rZMPt(ia%S:^-r4^^f ^"4. 
(c) 1513X^^7- (b) KJrfJSSSnfcZMPit? 

■t-y> h^o-^^MSPasb©^***^^-^ 
4. (d) msBa»©i»Kg-^-ci£gBasfr£*trrs 

n. zMPTtisssagtcA-si^ccT^cci^ws^aij 

Mrs*) $4 y'<D p tK 9 h ©^?f A -o r . 
(a) s^3n/ci6fp*3i3i-r4fc©©jsspa«iv 
am, ±flja». KauciffiBacrasfcKjrra*? 1 ? 
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yt. (b) Htriexf (a) tc«tot9:5E$nfcsgc 
attest? z m pmmzmn? s xt- » . 
(O mrtaatf-, h©#^SB*f r JU«:ffl<,^r > iifrfax?- 

(B) CC«fc«3l9:«3n/cZMP±-C*-^> h*s^ 
9£5K^a»©jS<UB?£3}ci&SX:r ^i, (D)b5 
KDlH^^^rffl^r. Buiaxf-;^" (B) 

aJi&©ifi<KB?£#5!> JXf-^t, ( E ) Hfltex x ^ 7 - 
(C ) SWf ( D ) ©§iafl^O^*^«©SF^ 
fil*^-C*n«)gg|5a»I©^<!:-raXr^7-<!:. (F) 10 
iitrfax f j v' ( C ) &o*x 7~ -jv' ( D ) ©&ifi(KB?©g 
*s§rS<DI«FSffi«±-C*)n5i. g^Z MPiCCfctf-S^ 

(C) K.m®.\?Z>*7-v7't. (G) IfgPSlfjCD^CC 

ct^mt-r^mmi 2 K tats© a*? r©**^ 
taws. 

*ftS^f^ (C) lcis^X3iibtci!iMMXte'¥-it)& 

mum. 

m*m i 5 ] mu<Dim&*7 : >\'*:m^xm$>mi<D 30 

<t. SgSI5©*¥®rta«l(Cj:-,-C^DSS:SZMP±© 
*-^>r<h©t<j^j*l5££flS< Ci«CJ;-o-C)8lg|5att 
©j™?£*&£. Ci^^giti-rSff^l 2tCl2tg 

©i»ifctegi*&*.-cttjrf s c i -r £«#jg 1 

2 (C iat£© D#-;l- <Dmi SWSWS;. 40 
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anentFbint) T &*D%*fctT f -5 <!: #©)*S*K:J: ^.-t- 
y > h AS-fe'P £ &£)*S±©.££gtgSffiK:— S3 ti-S<t 

•5(c$iria)-r-sfc©-c*^„ <su iii^$gtciais©a i * 
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[0010] J»5££f&Ptf* M*. IB*Rlf$©££gft 20 
©fe©<b, x>5r-fw>^> hSto©4>©<!:(CASlJT 

[ooi i ] Ba#©s*sw©n^-y h». mmum ■ 
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?. C©8©PsJ<? Ftt. t r-?>1Ml'&i'© 

©IWif^ £/c. i>^-7-^ >^> h -p* F 
I*, b r^lf ^^©^©iftt^flijiSM^x 

Hi. i?(c rAfiaMPtf? H iP^^tcffliDL so 
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[0018] B^rgfcfc^r. #Ji»3^#JgD«. T 
**©ff±^F»tt«. ^tf-f>-e©fteT¥*©Bj«j«^© 

»). #^f*©fi^{4g«A*i«:^«)b. tatt^-^> 
[0019] te^r. Afflmutf v htcte^rfjsw* 5 
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[0 02 0] 2 £#*T {C«fc -SP^Kl^tf 5 * ?*©P 

cn<E>fi^*©Slg<D^< {*. ZMP (Zero Moment Roin 
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j&H* P <i ft £{*S±©;±;£ gcS i* Z> J: 9 tc M 

[002 1 ] W*.tf . - 3 0 5 5 7 9-5t&$R(C 10 

Ett©N8HNUiatf? Hi. ZMP*H*n±tt£J5lcH± 
©M&BMttfc— J: 5 LTSJe^ff *ff 9 «fc 

[0 02 2] */c. $$BJ¥5 - 3 0 5 5 8 1 ^$R(Cl2 
StOfBHMkciiK? Hi. ZMP*5^I» (Itft 
0) 1*393. X«. #16. li/*B#KZMP#;fe;f^S{* 

*>W50EHIKWZMP©*«*«*»). *fT©«3Ett©iai 
_h£0 &C 20 
[0 02 3] * fc. #PJ¥5 - 3 0 5 5 8 3 ^««C 
«. «S»ttO!i<v Ko**as*ZMPB«ffiB«:J: 

*-> ■ ^-drfcffll*. Z MP tfS 
<fc9«c»^»*IBIW--5 4&t>«:. ±*©«M**ffi 

*©tt#ttiba**gOg"r*J:5<ct,"Cl»£. C©*£ 

i*tttt*wuaa*a«)Scfci6»*iaa-c*s B 30 

[0024] *JB§¥5 - 3 0 5 5 8 

B. RflNlaiK* r©#8!!&g*ZMPa«l<igCc<fc 

#8K§eiS©SP^«jP#* Hi. ZMP54R&B££iH 

{j§t©-rn^^tbur. *ti*»wiiTa««:«a$©- 

^*fctt5R^T%Ktt-r**. Xtt. ZMPgtlftglSfc 
[0 02 5] *fc. ^Hf 5-3 0 5 58 6#£tfR(C 

«. w^^s&p * * h (ommmmz zmp aai&gic «t 

iKsfiiOIUSWn*, H*, ZMP@*S{4B*fc>9 
©*-^>r£&mu t-^>h#ttc;n»5is 

[0 02 6 ] *fc. WAti. r2 0^ffaiK9 H(H 

*j (kit^2 Kg) xaHm^wsw • msmzz ( A ) 

r 2 £*Mt P * ' v r ©#*t t IMSP©W?£ J 50 
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> r **MW * 2 S*ff P * v h ©Ba&J (JB 6 (K^Ofig 
&8&P#v r»#i^A. 1 9 92^5^2 10. 2 

2 a) &£kk. d>^c < ±b±.mcmmvz*>jc&m® 

4«jt*4tt»«C. ±(*(Cit|&;*ftSJIfStCffitt©nflf 
ttP^y Hcfct^t:. ±ffc©i#g£W8&©*#S«:»-?<r» 

[o o 2 7 ] -r ±E{c*i/fcSSB»i8i;r. ± 

^©Ttt&O. ±ia©J£fti«. 2JS#ff©l»l5£*£S&P 
#9 h©^T«f CC. ftaft£©fc«(C2M71IUWEffiU 
fcofcti^tC. ±¥#©>#g (B#BIfit>&tt*) 

#i#©«ifwtc. na.tcj:«7f9e«iifltre^R: 

#(c J: £«Stt«: b n > * c & (cflKe €> fc (. ». & 
±ie©#&«cci2«sn/c»5*a£i&ptf * h*. i» 

[0028] *wm*> ±Motc£'>tj:tmmmm*:W) 
sgL/fc^©r-*o, ^-©@w«. 

[0 0 29] *»!B©HttiBWtt. «*«t h*?* 

sjwsc^sdMP^^ h ©/<:*©. mtitcmmm 

[0 030] *«M©JSft*aWtt. 2££&$fftcj: 

pmysm^mm-r z c t it $> z . 

[0 03 1 ] #26a8©H&-5>@fi < ni. t HCCjat^g^^: 
[0 032] *^B§(DM^-5»SW«. 2SfiiE*mc J: 

Zffljmth&r ^ii 4>(cWgp©±«c»K^^aIg|5. N 
JtC t*©C^«9>.5±^#*5fiiS3 tlXtt h P * " y r tCtet^ 
r . <0 K> ft ^©/Stff^Jl®)^©^ 

[0 033] *^<D|gft'5SWli. ±*#©^^Ct& 
*5-c^-5. 2SKil^fSP^'--' h<Dtc^><DWnfcmy 
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sj 4b. ^m^-K.io^'c fmmnm.<om^mti z 

&£) . 
[0034] 

i^LT/i3n/cfe©r-*f3. z<om 1 ©IfJMB, 4>ft< 

Sfr/f if - > *i*m-r -6 C 4 tc J: «J tif<D±MMM-'i f 
- > £f# S C 4 %#8i 4 £ p # ? V <D%Vx fflffl&i&X 

[0 03 5] £tc. *&W<Dm2 ©fflWB. 4>ft <£i> 
TI84{*#^4R8B-e«i5£<?tt. ZM P#B*iftB(CA 
SJ;^tcTK«:j:S)Si^ia^f'5£'ry©a^^ h© 

#tf ww«sxtt#»T«8iwa-c* r . < a ) s 

ft/c»ft£|^T£fc&©£gP)lSti. tttttltt. ±te« 

4. (b) «E#RXttXt9^ (a) tC£K>&M2ti 20 
/cjggu«tttc«-5c> r z M P fijlSriSS-f & *® XB * 

^3ftfcZMP±r^->>h#ft9£5RSP«f»©ft¥ 

^fe^txtixf^-i, (d) tmmmomtcm 

[0 03 6] £/o. #ISHJ3©HS3 ©ffifflB. 4>ft < 4 t> 
Tlg4{*$*^4Rg|$-elfj£;*ft, ZMP#B«(fcWcA 

4. (B) «rta*«X«X^9^ (A) {c^oiKesn 

fcsgpasftcca-^t, » -c z m p idii ener z *sxb x 

X, UWE^SXB^^v^ (B) iaff^StifcZM 

p±-c*-^> h^9^^igaja«>©ifi<Hft?**«)S 

^XBXt-^i, (D) mifen;K? h©^*^ 
£fflt,>T, «WB#RXtt^^f ^ (B) &c<fcs?|££;*ft 40 

&^&xb XT-vft. ( e ) H? ia*ex« * f - » 

7' (C) . RO\ fSXB^f^ (D) ©&a<«ft?© 

XBX^ y ~7t. ( F ) B?IB*ISXBXf- ^ ( C ) . 
RO*. fSXtt^T--^ (D) ©Sa<Kft?©^§fS© 
WFSftetiTfcftB. tastZMPitcfcWS^iigS^e-? 
;b©*-^> KHiiEOT. buIB^IS (C) Kff&A-r 

sfexijxfv^t, (g> Rgpaa6©wtc*^»-c 
MgPStt^^tf-rs^sxBxf ^jwi-r&c so 
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4 fctssst t •? s o * -j v (Dmmwmwx w&mmis 

[0 0 3 7 ] #%m<Dm 3 ©ffflffiKCfc* O *" ? h ©*Mf 

*ij®$igXB^ffirfai*ft{cfc^r. iwib^misk*^ 

B. WEasK? hKWri^RV/XB^ 

mD&m&mi^jix&z. *fc. swa***^ 

B. ijlIfSa*'? KcMTSHIflpfc^k XB. 

?N£ff£R O'/XB^©^® ,£fi{H* f^l/"? C © 
<£ 5 ft iafl^T^fiJffl-f £ C 4 (Cct 9 . *!f*USP©/c 

&©ttgfi£ Aita^cNiJ^-r 5ci*st#5. 

[0038] $Si©I3©«iKil 1 Cl^; ) h 

©0tfWffll*aBX»*(fiW»*j*tt. S^tC. (C) 

[o o 3 9 3 *^©^3©ffliJffi(c»€.o*'^ h 
©^fSUffii^gXB^'ff frJiawfficcfc . Mie©#N« 

r)l » r Mgpa«)©fflftt^* ^ #SXB X 

(o b, sscasti. frttmm. ±»tcj;o 

t4G5tIZMP±©t-p(>hi. 8gSP©*¥tirt 
iIS(>{Cj:or*D-2>^ZMP±©*->> H4©^ 
*SSC*1»< C iJc J: -5-CR»*tt©ifi(HJ!?**«>S J: 

[0 040] fe^WJ, litff2©#N&2g*7 ; .'U£ffll>-CJ!g 
SBitt©ja(H»*3R«&4#8l5lB^-?»^ (C) B, B# 

[0 04 1 ] IWBflO^Raj^^Jfefflt^rJB! 

spattroia^^^^^XBxf ^^ (o b. s 

±©*- ^ > h tc y - <) xfRttMM* iSfflf S 4 4 4> 

-7 - >; x»^MP *3Sffl-r^.C4CCJ:- ? T SggRilS!) 

[0 042] * /c. *SS3©l4©litt, ±^©Sft(^ 
**^TSfcesf)©at5[©Kti5?r<ii/c±4i#4. ^< 

mtfrhte Z&'n ma ^ h Ofc«>®*fTWflW6«XB 
*tfWW*ffir*-9-c. ±¥#©#Sfci£;D-t. 
?f r ^-5^-5 &T*J§-©#S£ifc£-r sci ««f« 4 -r 
z>v#v h©*tf«iai*atxB*ffiW»^rffi'c**. 

[0 04 3 ] 

[f^ffl] ^ajtc^Sd^' f h©^f$<J®J^gRO'^f 
W»*iSfeccj:ti«. S3P««i©te{c. (*^««i^±«® 
86©^«cS^0>r3cS^foJSgftRg|}S«l«:ll^4 
C4#T-£S. (*^M«J^±^ail!)4B. 
*3 ft 4© n ^ ^ h <D_k¥M*mi< » fc«^ttfPTft t> % ± 



(7) 
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[0044] -r&fc^. n* * \-&m.ttW}m j p®m% 

£S<fc5KTI&©^*&^rsc 

[0045] *^<D3 etCffeOSW. 10 

f^*a*^©ii!fcw*i^T4iaiBK:«-3< £ on 

[0046] 

[ 0 0 4 7 ] 0 1 S.0-*S2 Ktt3WfcW©2lii«C#3ft4 

aibspjk» r i o o*«r*acfa*<o*<f *»6»ab 

h i o oifiM c m?*mvii&&nmi&*maif}tc7j*L 
ti.»s. 20 
[0 048] 0 3{C7n-TJ:5K: t AR8§Sn#? h 1 0 0 
». 2*©JK.a$£II»l*3StJ±Ki. #»M>fP£§|Jl 

[ o o 4 9 ] alas i *33*-rs#H»tt> iris® 3-W 
[0050] *fc. &§sas«. wMasf-y f-«i8 <t, n 

1 1 £. MTN3-M1 2i. ¥#Nffe? 3i, 30 
fWlB-*lll 4i, ^sui si-etju&stt*. * 

wist*, sestet*. w»*®jb*#«?^iw» • ^a* 

ffi8tit{*-C*£. [MO. ^gPl 5©ttm*a:K? r 1 0 

[005 1 ] £ tc, tm&M. <*&t ^15i. 

[005 2] *fc. TK?:«(S-rSS^(DWgP«. ASM 
©3-1*1 6£. RMffltr^^lifcl 7i. J®Mgpa-;u 40 

nisi, jrh»???-mi 9<b. £grnse»?tt2 

0<t. SmWgpa-;U«i2 1 .t. SSP2 2i-C«fiS3ti 
5„ 2W!«»tt«t?B. KN&tr^Nl 7&RM0P~ 
Jl/Nl 8 *3S*W«CfliSDiKv r 1 0 0©US 

MfiHMfcjea-rS. A*OSg|J2 2«3IISCCtt^R|gS 

KAffllo^-^ h 1 0 0 ©SJgtt-tzaSie.fr*. 

[0 0 5 3 ] fel±SrttJ§rn«. #SB*WCC«* AIBISS 
□ *'^MO0^tlt«. ^ltt3 + 7x2 + 3+ 50 
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6X2 = 3 2i£g£?trSC<k fiU. x>£ 

-f-^>^>h[fi]W(DAra^cj^^ h i oo^-rut 

3 2 gE&gCC|!g^3*i&trc-CW:&l,> 0 Sftft • SW±©iiH| 

amitis-r s c i *j-c # s c £ fctm 5 s r & «ct>. 

[0 054 ] iajb/c^^^cAWMP^^ h 1 0 0^ 
o^eSgB. IBigKttTi'^x-SSrffl^-C^li^ 

T^sr$£fT^c£&£©gfit*>6. y?^*x-£ 

?^x-$^Ji$8-r-2)C££L/c„ &fc, C©«©AC 
^•7?fai"»UH, Wittf*m«AK 

gE«:i«ig$nrt<^#iM¥ i 1-3338 ewsmmtc 

[00 5 5 ] 14KB, APflSin^y r 1 0 0<DUWiy 

aihispjk» noo», t KDwmzm&Ltc&mm 

JL-f r 3 0, 4 0. 5 0R/L. 60R/Li. 

HIH©«^f¥*SSI-rSA:«>©ai6lW»«:1f 
^SHSP-ai* H80£-cm)S3nS (fflb. RSO'L© 

£&t>*£©# **^-ri£iis*r#> s„ arm 

[0 05 6] AIBSnjf?» r 1 0 0£f*©«bflstt. *W 

v 8 oK.jzr>xmsmicmm$ti^. wet*-* 

I-8 0B, CPU (Central Processing Unit) ^>^* 

•;^©^si5is§=»>^-^>h m^ctei*) -cmi&z 

tiZ>£.fflW&8 1 i. M8B&+atfv h 1 0 0©S^ 

[0 05 7] *IMISrKSRr*±-C. C©*UfflJ^- » h 
8 0©S:aiSfrtt^C|®S$n^l^ E4-C»»#S|5^ 
x^ h4 OKJ5l83tin>i*«. BBU3.i V h3 0CC^ 

[0 05 8 ] a3KSttea!j?9 h 1 0 0f*i©SMgpe 

^^ns. -r^cto^. sispj-x^ r 3 06c.*. nm&s 

-IA2. lfMgSf ^^#3. «-Mgpa-^#4©§A7?: 
«ST5«ri«B3-ttri»*»x-*A 1 . «M»e» 
^IAt^^^x-^a,. mMfpn-^Ti'^^x- 

[0 0 5 9] S fc. ffc&gpjLX h 4 0 K«. f*f* f v 
f-»5. (*^n-;H46. ^3-!47©S^?ra^-r 
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[0060 ] $/c. WSRax-, h50R/L«. ±M3. 
~v h5 1 R/Lt. WMgp^--> h 5 2 R/Li, B? 

148. MB8f5n-;Uf49. ±ffi53-$4l0. WMgSf ^ 
^#11, WHS5n - *H 1 2 . ^mwas tr » ?N 1 
3. #mi0i3-ibH 1 4©*<» -BHHISt: y 

ttiTJ'^x-SrA,,. )WMgi5P-;U$ST^?^x-^ 10 
A,,. ^HfHSfaTy ^WT^cxX-^A,,. 

a-imr *^ai-*A 14 3&JiB«stin>i. 

[0 0 6 1 3 WHij F6 0R/L(J, AJB8SB 

ai»F61 R/Lt. J&xx-;, f- 6 2 R/Li. ESP 
ax? h6 3R/LCCHWMt3ft**«. BSMgpa-ttl 
6. HaH0t?7?-ttl 7. H5BBg5n-;U$ilil 8. JglHSi 

e»?*i9. JS^rM©b*^5 i «i2 0. fittMfin-A' 
¥A2 i©S**3i3!**jRls®3-*r***x-$rA 

$4r^^*x-^A„. brigs e? ^atr^^x-* 20 

A„. JSfrWfflSfcr?* i »7i'*»x--$rA 1 ,. 
a-;U#7*^»x-*A Jt a*ffiffi3ft-Ci,»4. 
[006 2 ] SKIg5(CfflC^n-5Tf ^ai-iA„ 
A 3 •«. J:»)»SO<K. <t f rfttfi£-cm-79---ittM 

f^^cD/j^Ac-9--^- t^^^x-* (fra) 

[006 3 ] Slgqax » h 3 0 . f£$*g|5;x- ? h 4 0 . 
WSPar. „ h 5 0 , &Wg(5xx , h 6 0 t£i£<D^WM^ 
-?h«(C, 7f?»i- £IE«l#J®ffl©iI#IJ®J8|5 3 30 
5, 4 5, 5 5, 6 5*S|2fll3*T,-C(,»S. $ £tC. 
S156 0 R, L(DS^«*LfcJi>S^^af -S^ifiiit 
tS4z>1f 9 lRt>*9 2£$£rr&t£<Mc. ffc^SB^- 

» h 4 0 tctt . sgf&fcitS'J-r £s£S*-fe >t9 3 **£ffi 

[0 06 4 ] iflJ®Jgi58 0«. S-b>f9 1~9 3©W 
^JfCIt;§LrSJ*II©)gi53 5, 4 5. 5 5, 6 5tC*fLT 
»6W«clW»*m». ATlSn ? h 1 0 0©_L)&. <* 

». a— !f • 3?>F«oT, JEStiM. ZMP 40 
(Zero Moment Point) ttjg. ftftjUb. ±J8Mtt. flg 

srai3tt^*si3&r 4 <t cti?»©»3ei*js«:ae 

o^«j^*Jgm-rS3V> K*«flMMR3 5, 4 5. 
5 5, 6 5 JOBS'*- S. ^l/t. &«<DBMHI&»3 5. 

r. &7**-*x-drA,. A,-(c»urffittWap©# 
ccti^ rzMPj t«. £tff»©eisK 

2>tC «fc S jt^ h AS-fe'D £ fc Z>mffi±.<D .£© CiT* 

«3. */c, rzMP*Jiilj <t«. m«a«K» h i oo 
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[0065 ] #3gttWrtt. ttlWKBaaK^P! 
f8aSK»«**«r*AIBISciiK» H 0 0*. 56 

tf ^i^cftotl^. iH©AKQ#-; h 1 00 
«. flWK©-i-&*D^a^ft { J&^©ft^«fC*-5*5 < w 

[0066] i5fCB. *HSSWfC^?)^lf*iJ©©ft# 

©fcfcKixsns. Amen** h 1 o o©,^jlo 

[0 0 6 7 ] 05CC*Jt,>T. O-XYZlSIttiJtl 

O' -X' Y' Z" Ig«ttOiK^H00£ifc(c» 
<atfflB*K*»4B-A > tvf, 3-&«l£StL 

z.t>titcm&zmTmtt-c$> o . m, » i #s©w*. 

©MS. r • , « i #S©»*©fitS-^^ h Jl/ (ffi L3 

sums) £^-r*>©<h-rs. *fc. f^-rsnscatt 
tmtcis^xnK.mstj:Bt9m^i<Dumitm h . *©& 

B^hA-ttr" , <r' r' h¥ . r' „,) £1. 
3E/c. ZMPWfig^d' h;U5r r ' ,.„<t.-r&„ 
[00 6 8] m5t<CmTftjm<Dg>'m£M{&L*:7 : MCts 

^r«. > hscw^ff^s«©ff^-ctej£3n. 
tg^Er - ^> h SCB tr » n - jmacc H L r b 

[0 06 9] C©<fc -5 ft^Kj^iBftt'e^a. 6l*aUT 

[0 07 0] (l)BiK»H0 0^ft©»*^** 

(2) K*.5rS:«r4= »j£©KJ££ffitt, S:th«©v 

-^tji-a^-c^-p-c^. 3f«©«Mij(cee-,/ca«i^ 
©cifn-cfc^t>^ci 0 

( 3 ) ««4l1«(C. *^***. ^©*^{4g<!:»« 

(4) &S.£m,*. ^.(iSr.^^iL. ■?•©«* 
«Ctt«l/fc*S{Cj#oStft t LT^-T4„ 

(5) 3H3UcitlSI««©**Rj*irttto%at*«SI±«:a 

[0071] zng.^Mt. mt>a. o-4*y u- a 

•■^^©^JS-CD^v h=&^L/ct©-Ca54„ *H 
JSWrii. S5*Mt:4>*iJ.5>J: i 5tc. C©^»*fi<K* 
^UC*. f9R. MW. HSU. MJ£ 

m©S^ 0-C^L-/cfe©-C*-5 o 

[0 0 7 2 3 SStC^-r^M^.^^^WMgPtftfB 
tcfc^SSIgltKft (6> hx . <?„,, 0 h .) tt. AMfflOiK 

^ h 1 0 Otcfe^^gggpo^-r^^^a-;!/. tr? 
^. 3-tt©|p]i£?r««-rS^©-C«.4 (H8«:«. ^ 
W**'9 s ^©«»JBa©l£AH*^Lrc»-5©-C. ttffi 

[0 07 3 ] *««[W«:fli*AiaisanjK» h 1 
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[0074] a*? h«> as?, stiff -r^frtc^fe^ 
s n/cai»^" ^ - > ccfie o -cswgp-r aj: b ^ r ^ 5 1 ^ x 

•SiMc&oTi,^.. *HSSWtc^-5n*? h 1 0 00 

So CCTf^ZMP (Zero Moment Point) Dliii 
B. $lfn*^ Kcfc^T. SJS <£KBfi») 

[0 07 5] **SS0i|(D cfc 5 «CjtS# 6 g 2 
S*Mt§2p#v h (13*#I©Ci) ©*§£. SSSfJ 
2 2 R/L©&g£K^©*¥{i^W*3ic<fc^TW* 
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* W©sf3W*-««:j£* RaWBtt^*- 
fcftjrrsc ( rjwsj £B. ^iH^cc 

[0 07 6] 06CCB. sjsHSSWtC^iO*^ h 1 0 0 

^7a-ft- r©fl25£-c*nOtv*. (so. felT 

io *rflK»Tn#? h 1 0 0©&Mg&ftK*»llj{ / £*iea*-£ 
fc©£U ft£tel£0fc(T©J:3&'*5.x--*£ 
»^Ciit5. fib. y»S/» ( ' ) ttS©K^B 
SSftffi&S?i£iaj$T£«>©<fcfflfiS3*ifc(,>. 
[0 07 7] 



o-xYz-.mtmum 

H - + r qz 



[007 8] H 0 OCRBUKS**— 56 

(r '„,+ r„ = const) "C. fio. KJWRj&P-tfa'?* 
•SCi^Bifiii-rSo 30 

[0079] wm^ma. n^'^noo omf^st 

m<0 •*«»)JtCi*©ttfP*fB^-rSS©3.— fav> K 

sp©A^Kt&§L-cra>&-rSo i-f'37>F« 
•rsa*:? h i oo©»mj. Witt. s:az:^«)B#©± 

2S(C«fcS#ii#fT 

[0080] **>5a- !f KB. £*lJ®Jg|S8 1 
(CfclvCimiSti. SSfl (JrtJAftWKBfifi) as*. 

ft. ■flM>KIK>*3tt£. &SB©fgft • ftfPSrHlgK: 

i)„ ctDJWtttycB. *-rja»a»^f->. ^-c 
zMP«ia. »&mm^f-->. tL-cimub***- 

>£t££-r£ 0 RflMDattKHLrB. Z 

©*tt£U X , 2WfY , ©#^Kot>rB5|5»Ii'r * 

+ n^H^ + if qx + g x j- m h g z (r& x 

- n»h H foiy + ? qy + g y )+ m h gzKy 



[0081] 3hc. iHB-^w^nijaaaH*^**^ 

nr. f*S*. *L-r±Ka«6{c«fc0lB*-r*lWE 
(m, . m t ) znm-rz Uf^s 12). 

[0 082 ]^-C. WK-^T^ft^ofiiH*^^* 
ffl^-C. Jgg(5*¥Mrtatt (r ■„,. r \ T > JC<fc-,T^ 

7 - S13), 

[0 08 3]^-C, ^5£ZMP±CC*J^S*->> h 

^o'-x-Y-z •±t > ^a-r-2> (xf^^s u). <t 

«3Af*ft{CB. SSP. -eur±)ga«)CC4:0^ 
TS*-;Or (M, . M, ) Zffia%Z$«Dmt fCti 
mc . RS«j5©#¥iI»«:iWT &Jf ( r „ , , r„)* 

f-#f*&ZMPMS ( 1 ) **UJT4. 
[0084] 
[*2] 

zmp x j=-M y (t) 
4n Py )=-M x (t) 



- r 



(1) 



(10) 
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[0 0 8 5] fsu yT#j&a:-r&«>cD<t-r£. 

[0086] 

hz -o 

r hz + r qz - const 



[0 08 7 ] ±fa©ZMP#*i5£; ( l ) 
r. Haj* j Piirttta*»mr* <**»:/s 15). 

ft ^ffil>tZMPM^ ( 1 ) 41< CiT, 10 

**0^& b L T©&SB©*¥il8*f ftg ( r „ . . r , , ) © 
^tfiiS?**4?)-5CiAsr#.S (Xf-y^'S 16). CC 

><DBmm-c$> o . .to^wJcttZMP^ssfistc 
[0088] nmzfttc&im±vit¥&mi£.btcfr& 

-XDm&jZ-miE&'rtS (^f'^S 17). C© 

eg. Kap©fi®*#mLrfej:i>. 20 

»^?->^Alt. MW^ffr <-T&to*j, M(*. 
^L<tt##cc^<©ft>£>£ftSntf-, h 1 0 0©fit 
mU^)^) &C*jW£t85£ZMP_h©*-;<>h (eM 

irJl/T'ttifS© [8fc3 ] ^tSCi^fit Ltc 

[0 0 9 0 ] mm^y'MCisV h (eM, . 
eM, ) ti. BSW«tt©*£TS*-^>hR2'r* 30 
■S. g<^f^S19t(I, C ©*--.*> Me 

m, . eM, ) i)mmm^f^icii»i>m.u^-^iy v 

©f*SfiI (eM. . eM, ) *»W5a>**B£-r4. §¥ 

u&m&if&mmx- * * - > c <t # 

XZtcC t%MM-?2><DX- Uf v7'S2 0) . 

[0 09 1 ]^, mre?**«:is.?«*-y> h (e 
M, , eM, ) ffi&WfrMtteVZ*:-*^ h©ft§ 
«I(eM, . eM, ) «_L-C*ofcl§£Jttt. ^^f^ 40 
;WC*st:fS*r-y> h (eM, . eM, ) Zm^X&WL 
*f : ;MC*,».S«fcl36£*-y> h (M. . M, ) *m 
IELX (Xfvy'S2 1) . ?it>*ZMP77*l5£©2lffi£ 

?f5„ -e-or. *iF®!fiB£*»«:iRiR-rs*-c. ±&ufc 
SSCSttcDffecc. f*s*«»i^±i8«s&©&3EtcS-3(,>-c 
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tT®©P#? H00 (@3 4#M©Ci) ©J§£, § 
Sg^52 2 R/L©(4g < tMa5©*¥{4g<^:iS^-C , . W© 

^-r^cfe^TK© r*#gj fr-mc%.itz><Dx . flgas 

a«j^-*->?r^-r-5C<!:«TK© r*#gj 

[0093] Ltctf->x, #mmmt<mz>2%.m.iLm7 

[0 094] ^fC, iSfi^tt^{C±f*-rttt)%±lttifl: 
5$£fflC>/c#JI9 •^fiflOttfisSnjK* h 1 0 OKEd 

*SB5J:5*) TI&©^£&S-!rSC T 
& to % . #S 0 0 ft £±#*±^*S««HW&fe 

©/c^tc^ton/c^sstt*. M<D*¥GLmxmmz 

[0 09 5] $/c. S7CC». ^HitWtraiPsK* h 
1 0 0{Cfct»r5KJE*?fiiI«B«cRfiBatt**l»-r4«i« 
flOftiD^^a-^t- h©Jf^-C^L-"Ct>-S> 0 ffi 

i>xa#~j b i o o©s«gpag^«)f^iBai-rsfe© 

[0 09 6] g[ftM#IB«. 0*^100 ©*Mt 

rsaiKy h i oo©s&mi. ^^.tf. atii^«jB#<7>_b 

[0 09 7 ] *>*>5a- tf -3-7 > Ktt. *$tr(aigP8 1 
Sgp««j^6^Hi3to-2>ZMPtliii. ft^MSb- JJSS 

^•r^fc&©^-$->As^3to-5 (^f ^ - S3 

ZMPtdit. »lf«i!)^-f->. *\sX±MMMi'i*-~ 

©#ia5£u X'Ro*Y'©s^«:r>c^r«*snfr 
[0098] ^tc. mib-wv&&n.&m**?iy> (m 

3iRC>'05^#«B©Ci) ^ffl^T. SSP. *0 

a-;H4$^«)©S- ; e-^>h (M». M y ) ^r&UJ-r^ 
(Xr-/^S3 2) „ 

[0099 ] 'X^X. MmfcW-ffitHMM ( r '„«. 



(11) ft&l 2 0 0 3 - 1 1 7 8 5 8 

19 20 

JW5C4#1?#S. -ffrbfe. C©i»£icB)gg|5©» »»«:3fc®4 4|5|B$K:. FFT (MiS7-yxK*> * 

-e. tmtas**«*ci«i±3-&aci*j-c*&. [oioti #?*«sb«>±jftatt4B. Mm^^^m*) 

[0100] &ffiZMP±r©e 9 5=-!*. a- &4*©ct#7 KD±^#*fflC»Ai»HiM¥^'ttt>%±* 

feO ©&*-;<> h (M. , M, ) K-X»Ti7 *©*S{C«Sr*. *fc. Jtffi* s 6<I©|J5ai@liJg:© 
-•JxMRAH're Ut?^S34) . 10 2fl*tfSo*Ev H 00 (H3*#IH©C6) ©*» 
[0101] &«,»-C. BggP7k¥MF*J«lii©7- 'J xftft ^Sg52 2 R/L©{t«iK»OJ»3-CJW©5^*« 

SfttCjJi^-yxIRftJHHirSCi-C (Xf — Steffi* *©T. ->**J«r4C 4 

•v7-S3 5) . IOKH5a»©ififfilJ»^*Sa (Xt^^S B. »©jg»-rtttofcTIS© *«tr*Ci* 

36). ccr#*>€>hSiE(WB«. 3s&&tf«iw*m »»-rs (mra?) . 

8Bi»^"i'->*affir*B»©*¥ilftS*fl[H©iaH«f [0108] Wdiot, 44BtfflfCff £ 2 £ift&$1f 

(r„, r» ¥ ) r*»). «fc»JA#W«:«ZMP36JB«fl[ 9© a iff? H 0 otcfctii*. OXCTOMttHtiKftflt 

««cA5J:9«cRa5*¥lftjitta[lBr*4. ZMPS«(4 4i*I«/%»fWlt'*-7-C4>. $ffi*Mf *35»-C* * 

SB. jMt. *flcLfcJ&6«cSffi3*i*. «fc^«:TK©*Sf*»ffi-r*C4*S"C*ft. iftST* 

[oio2]»W5 ft /da<K»?±-eB^i6!S:ffi i/ fctttt c t tfi-c » J: 5 . 

•JJfcMfr***B-CSfcl»«te«:0:. f*^-±K®«)^*f 20 [ 0 1 0 9 ] «f(c. ifci£flttB*Cc±(*-rtt*>fc±ltt<!:# 

->©Wftffi-IME*fr5 (Xf?^S37). C© »*fflC>fcJMB»)-Pfi»3©ttfPSHl»IOfc*i^CCt*. 

R. Hap©Wl*l|ttULr*>J:(,>. *>36>4±#©*S«C(SC-C. Scffi#tfr*SJ:5&Tlft 

[oiosj^t. ±i«©j:5KL.r»6nfc*#a ©*j&*«ffi-r*ci*tt?#4. mmv^ 

< B#m«c£< ©St£>6fcSasJ<-, HOOOffl IWcffitt*. H©*¥fiI«Tffi«S*i*TK©^S«c«fc 

S^tfib) «c*»W*»ffiZMP±©*-y > h (eM •o"CjHS{Cti«gO< BlBiaS 1*S Ci*S-C*S. 
« . eM, ) £ffffl-f£ (^f ^7-S3 8) . #MR8re 

f s ;urB±ia© [»3] *«iaaifrsc4*wraiLfc co 1 10] [it**] «±. wffi©nm«*#j(8i/!tc*» 
«©^b«c^tr-ffi-e*-5^SB&co . 30 w©»g*jWttoat»«H-cs««*i«e([*«©«iE-?> 

[0 104] «af*f s JV{c*5W4*-y>h (eM, , f^fcJjXUS-SCiBSiprc*-*. 
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